EP 3 293 859 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
14.03.2018 Bulletin 2018/11

(21) Application number: 17169232.0

(22) Date of filing: 03.05.2017

(11) EP 3 293 859 A1

EUROPEAN PATENT APPLICATION

(51) IntClL:

HO2K 7/18 (2006.01)
HO5B 6/10 (2006.01)

HO2K 1/27 (2006.01)
HO2K 16/02 (2006.01)

(84) Designated Contracting States:

AL AT BEBG CH CY CZDE DKEE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO

PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
MA MD
(30) Priority: 13.09.2016 KR 20160117885
(71) Applicants:
¢ Kim, Tae Jin
Seoul 02059 (KR)
* Lee, Byung Duk
Seoul 04903 (KR)

(72)

(74)

Inventors:

¢ KIM, Tae Jin
02059 Seoul (KR)

* LEE, Byung Duk
04903 Seoul (KR)

KO, Jae Kook

10851 Paju-si (KR)

Representative: Zardi, Marco
M. Zardi & Co. SA

Via Pioda 6

6900 Lugano (CH)

Remarks:

Amended claims in accordance with Rule 137(2)
EPC.

(54)

(57) Disclosed herein is a heat generation apparatus
using permanent magnets. The heat generation appara-
tus using permanent magnets includes: a plurality of ro-
tors fixedly mounted on a rotating shaft, and configured
such that they are rotatable along with the rotating shaft
with permanent magnets disposed thereon at predeter-
mined intervals; a heat generation part configured such
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that the rotors are contained therein to thus form a pre-
determined gap between the heat generation part and
the rotors, and adapted to generate heat while the per-
manent magnets are being rotated; a motor configured
to serve as a source for the rotation of the rotating shaft;
and a power transmission means configured to transfer
the rotation force of the motor to the rotating shaft.
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Description
BACKGROUND
1. Technical Field

[0001] The presentinventionrelates generally to a heat
generation apparatus using permanent magnets, and
more particularly to a heat generation apparatus using
permanent magnets, which generates heat by using per-
manent magnets and heats a fluid by using the generated
heat, thereby providing economic feasibility and high
thermal efficiency.

2. Description of the Related Art

[0002] Conventionally, coal, heavy oil, liquefied gas,
etc. have been used as energy sources for boilers that
produce hot water. These energy sources have been
causes of air pollution due to the discharge of toxic gases.
[0003] Furthermore, although conventionally, gas, pe-
troleum, electricity, etc. have been used for hot-water
heating, problems arise in that gas and petroleum are
expensive and have poor thermal efficiency and electric-
ity has the problem of incurring high electric charges.
[0004] For example, the use of boilers using midnight
electricity had been recommended by Korean govern-
ment. However, as the demand for electricity surpassed
the supply of electricity, the advantage of the boilers using
midnight electricity disappeared.

[0005] Therefore, there is a need for a heat generation
apparatus that is capable of performing highly efficient
hot-water heating without causing an environmental
problem attributable to the discharge of toxic gas.

[Prior Art Documents]
[Patent documents]
[0006]

Patent document 1: Korean Patent Application Pub-
lication No. 10-2004-0040435 (published on May 12,
2004)

Patent document 2: Korean Patent Application Pub-
lication No. 10-2012-0109210 (published on October
8,2012)

SUMMARY

[0007] The present invention has been conceived to
meet the above-described need, and an object of the
present invention is to provide a heat generation appa-
ratus using permanent magnets, in which the principle
of induction heating attributable to the magnetic fields of
rotating permanent magnets is applied and a metal hav-
ing high current conductivity and low electric resistance
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is heated and directly used as a heat exchanger, and
accordingly thermal efficiency is significantly high and
toxic gas is not discharged, thus being environment-
friendly.

[0008] According to an aspect of the presentinvention,
there is provided a heat generation apparatus using per-
manent magnets, the heat generation apparatus includ-
ing: a plurality of rotors fixedly mounted on a rotating
shaft, and configured such that they are rotatable along
with the rotating shaft with permanent magnets disposed
thereon at predetermined intervals; a heat generation
part configured such that the rotors are contained therein
to thus form a predetermined gap between the heat gen-
eration part and the rotors, and adapted to generate heat
while the permanent magnets are being rotated; a motor
configured to serve as a source for the rotation of the
rotating shaft; and a power transmission means config-
ured to transfer the rotation force of the motor to the ro-
tating shaft; wherein insertion slits are formed in each of
the rotors by a plurality of partitions formed through the
outer circumferential surface of the rotor and a plurality
of permanent magnets is inserted in a circumferential
direction, the permanent magnets are inserted into the
insertion slits so that the N poles thereof are disposed in
an identical direction and the S poles thereof are also
disposed in an identical direction, thereby generating re-
pulsive force.

[0009] The heat generation part may be disposed in-
side heat storage and may exchange heat with a fluid
contained in the heat storage, and a plurality of protru-
sions may be formed on the surface of the heat genera-
tion part in order to increase a heat exchange area.
[0010] The heat generation part and the rotors may be
made of an aluminum material, and the gap between the
rotors and the heat generation part may range from 0.1
to 0.5 mm.

[0011] The rotors may be 2 to 16 in number and may
be mounted on the rotating shaft at predetermined inter-
vals, and walls made of a material that does not pass a
line of magnetic force therethrough may be each dis-
posed between two adjacent ones of the rotors so that
the rotors are disposed in an independent state.

[0012] The permanentmagnets may be made of aneo-
dymium material, the length of the permanent magnets
may range from 35 to 45 mm, the height of the permanent
magnets may range from 15 to 25 mm, and the width of
the permanent magnets may range from 5 to 15 mm.
[0013] The power transmission means may include a
first pulley configured such that the shaft of the motor
shaft is axially and fixedly inserted thereinto, a second
pulley configured such that the rotating shaft is axially
and fixedly inserted thereinto, and a timing belt config-
ured to connect the first pulley and the second pulley and
transfer the rotation force of the first pulley to the second
pulley.

[0014] At least one bearing configured to support the
rotating shaft so that the rotating shaft can be smoothly
rotated may be disposed around the portion of the rotat-
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ing shaft between the second pulley and the rotors, the
rotation ratio between the first pulley and the second pul-
ley may be 1:3, and the rotation speed of the rotating
shaft is set to a speed of 9,000 to 11,000 RPM by taking
into consideration the heat generation of the heat gen-
eration part and the wear of the bearing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The above and other objects, features and ad-
vantages of the present invention will be more clearly
understood from the following detailed description taken
in conjunction with the accompanying drawings, in which:

FIG. 1 is a diagram showing the configuration of a
heat generation apparatus using permanent mag-
nets according to an embodiment of the present in-
vention;

FIG. 2 is an exploded perspective view showing the
rotor shown in FIG. 1; and

FIG. 3 is a graph showing the comparison between
the thermal efficiency of a heat generation apparatus
according to an embodiment of the presentinvention
and the thermal efficiency of a typical electric heater.

DETAILED DESCRIPTION

[0016] The configurations and operations of embodi-
ments of the present invention will be described below
with reference to the accompanying drawings.

[0017] Itshould be noted that throughout the drawings,
the same components will be denoted by the same ref-
erence symbols as much as possible.

[0018] In the following description of the presentinven-
tion, detailed descriptions of related well-known functions
or configurations that are determined to make the gist of
the presentinvention unnecessarily obscure will be omit-
ted.

[0019] Throughout the specification and the claims,
unless explicitly described to the contrary, the terms "in-
clude" and "comprise" and their variants, such as "in-
cludes," "including," "comprises" and "comprising," will
be understood to imply the inclusion of described com-
ponents, not the exclusion of any other components.
[0020] First, in order to help to understand the present
invention, the principle of induction heating attributable
to a magnetic field is described below.

[0021] When a magnetic field (or a magnet) approach-
es a conductor, hysteresis loss and eddy current loss
occur in the conductor, and thus Joule’s heat is generat-
ed.

[0022] In particular, a ferromagnetic material that is
more easily attracted to a magnet has higher resistance,
and thus Joule’s heat increases. The iron loss that is
generated in a power generator, an electric motor, a
transformer, or the like is a representative example of
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induction heating attributable to a magnetic field.
[0023] Theironloss in the above structure is based on
Joule’s heat, and is thus proportional to the square of
current and resistance. Heat is generated in metals hav-
ing high resistance, such as steel, nickel, nichrome wire,
etc., and is also generated in metals having low resist-
ance and conducting a large amount of current, such as
copper, aluminum, silver, etc.

[0024] Generally, the iron loss is the sum of hysteresis
loss and eddy current loss. Itis known that the hysteresis
loss is responsible for 70% of the total iron loss and the
eddy current loss is responsible for 30% of the total iron
loss.

[0025] Accordingly, the iron loss is basically propor-
tional to the square of the magnet density of a rotor and
the square of the RPM of the rotor. As a result, as the
size of the rotor increases, as the RPM of the rotor in-
creases, or as the number of poles of the rotor, the
amount of heat generated increases by four times.
[0026] FIG. 1 is a diagram showing the configuration
of a heat generation apparatus using permanent mag-
nets according to an embodiment of the present inven-
tion.

[0027] As shown in FIG. 1, the heat generation appa-
ratus according to an embodiment of the present inven-
tion includes rotors 120, a motor 200, a power transmis-
sion means 300, heat storage 400, and a heat generation
part 500.

[0028] As shown in FIG. 2, each of the rotors 120 in-
cludes a circular rotation body 122 and a circular case
121 coupled to the rotation body 122 through fitting over
the rotation body 122. Through holes 122a and 121a are
formed through the rotation body 122 and the case 121,
respectively, in a lengthwise direction so that a rotating
shaft 800b can pass through the rotation body 122 and
the case 121.

[0029] A plurality of insertion slits 124 is formed in the
rotation body 122 so that permanent magnets 130 are
inserted at regular intervals in a circumferential direction
by a plurality of partitions 123 formed along the outer
circumferential surface of the rotation body 122.

[0030] In this case, the permanent magnets 130 are
inserted into the insertion slits 124 at regular intervals so
that the N poles of the permanent magnets 130 are dis-
posed in the same direction and the S poles of the per-
manent magnets 130 are disposed in the same direction,
thereby generating repulsive force.

[0031] In contrast, when a heat generation apparatus
is implemented by alternating the N and S poles of the
permanent magnets 130, a problem arises in that heavy
load is applied during the operation of the heat generation
apparatus and thus the motor 200 cannot endure the
heavyload andis damaged. Furthermore, a problem aris-
es in that the amount of power consumption is also in-
creased in proportion to the load. Accordingly, it is pref-
erable to dispose the same poles in the same direction.
[0032] The length of the permanent magnets 130 is
5-100 mm, preferably 35-45 mm, the height of the per-
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manent magnets 130 is 5-40 mm, preferably 15-25 mm,
and the width of the permanent magnets 130 is 3-20 mm,
preferably 5-15 mm.

[0033] When the dimensions of the permanent mag-
nets 130 are greater than the above-described specifi-
cations, thermal efficiency is degraded.

[0034] The permanent magnets 130 are preferably
made of neodymium that is resistant to high-temperature
heat and has resistance up to 250°C.

[0035] Although ferrite magnets are suitable for high
temperature, neodymium magnets are suitable for the
present invention.

[0036] Furthermore, a fastening protrusion 125 pro-
trudes from the side of the rotation body 122 opposite
the side of the rotation body 122 coupled to the case 121,
and a fastening bolt 140 is screwed into the fastening
protrusion 125 in a vertical direction so that the fastening
protrusion 125 is securely mounted and fastened onto
the rotating shaft 800b.

[0037] Accordingly, when the rotating shaft 800b is ro-
tated, the rotor 120 is rotated along with the rotating shaft
800b.

[0038] As shownin FIG. 1, 2 to 16 rotors 120 may be
fastened onto the single rotating shaft 800b at predeter-
mined intervals in series.

[0039] Inthis case, itis preferable to dispose walls (not
shown), made of a material (e.g., iron, or the like) that
does not pass magnetic force therethrough, between
every two adjacent ones of the rotors 120, and thus the
rotors 120 can be disposed in an independent state in
which there is no interference, attributable to a line of
magnetic force or the like, between the rotors 120.
[0040] Furthermore, the plurality of rotors 120 may be
disposed in series such that the N poles of permanent
magnets are disposed in the same direction and the S
poles of the permanent magnets are disposed in the
same direction.

[0041] The one or more rotors 120 are rotatably insert-
ed into the circular heat generation part 500 in the state
in which the one or more rotors 120 have been fixedly
mounted on the single rotating shaft 800b.

[0042] In this case, the gap between the rotors 120 and
the heat generation part 500 is 0.005-8 mm, preferably
0.1-0.5 mm.

[0043] Inotherwords, whenthe gapisequaltoorgreat-
er than 0.5 mm, heat is not sufficiently transferred to the
heat generation part 500, and thus a heat generation
effect is degraded. In contrast, when the gap is equal to
or less than 0.1 mm, the heat generation part 500 may
interfere with the rotation of the rotor 120.

[0044] Meanwhile, a permanent magnet may be
mounted on the surface of the heat generation part 500,
the permanent magnet may be disposed such that the
pole of the permanent magnet and the corresponding
poles of the permanent magnets 130 of the rotors 120
are disposed in the same direction, and then thermal en-
ergy may be generated. In this case, the temperature of
the permanent magnet mounted on the heat generation
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part 500 may increase rapidly, and thus the permanent
magnets 130 of the rotors 120 may lose their magnetic
force due to high temperature.

[0045] Accordingly, according to the presentinvention,
it is preferable not to mount a permanent magnet on the
surface of the heat generation part 500.

[0046] The heatgeneration part 500 and the rotors 120
are made of a nonferrous metal, such as aluminum, or
the like.

[0047] Furthermore, the heat generation part 500 is
disposed inside the heat storage 400, and heats a pre-
determined fluid (for example, water) 410 inside the heat
storage 400 through heat exchange with the fluid. The
heat storage 400 may be, for example, a hot water stor-
age tank.

[0048] In this case, in order to enlarge the area of heat
exchange between the heat generation part 500 and the
fluid 410, it is preferred that a plurality of protrusions 510
protrudes from the surface of the heat generation part
500.

[0049] A flange 700 is formed on the heat generation
part 500 in a direction in which the rotating shaft is in-
serted is coupled to the flange 700 of a bearing housing
600.

[0050] In this case, in the state of being supported by
at least one bearing 610 provided inside the bearing
housing 600 so that the rotating shaft 800b can be
smoothly rotated, the rotating shaft 800b protrudes from
the bearing housing 600, and is axially and fixedly insert-
ed into a second pulley 310b, i.e., a part of the power
transmission means.

[0051] The rotation power of the motor 200, which is a
source of power used to rotate the rotating shaft 800b,
is transferred to the rotating shaft 800b through the power
transmission means.

[0052] In other words, the power transmission means
includes a first pulley 310a configured such that a motor
shaft 800a is axially and fixedly inserted thereinto, the
second pulley 310b configured such that the rotating
shaft 800b is axially and fixedly inserted thereinto, and a
timing belt 320 configured to connect the first pulley 310a
and the second pulley 310b and transfer the rotation force
of the first pulley 310a to the second pulley 310b.
[0053] In this case, the rotation ratio between the first
pulley 310a and the second pulley 310b are set to 1:3,
and thus the rotors 120 can be rotated three times the
rotation speed of the motor 200.

[0054] Forexample, whenthe motor shaft 800a makes
one rotation, the rotating shaft 800b makes three rota-
tions. Accordingly, when the motor shaft 800a is rotated
at a speed of 3,450 RPM, the rotating shaft 800b and the
rotor 120 can be rapidly rotated at a speed of 10,350
RPM (= 3,450 RPM x 3).

[0055] When the rotating shaft 800b is rotated at a
speed higher than 11,000 RPM, the wear of the bearing
610 becomes significant. Accordingly, the rotation speed
of the rotors 120 is preferably set to a speed of
9,000-11,000 RPM by taking into consideration the
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amount of heat generated.

[0056] The presentinvention configured as described
above s directed to the apparatus in which the permanent
magnets are mounted on the rotors and heat, generated
in the heat generation part while the rotors are being ro-
tated in the state in which the narrow gap between a
stationary part (the heat generation part) and the rotors
is maintained, is efficiently used.

[0057] In the embodiment of the present invention, a
case where thermal energy generated in the above ap-
paratus is applied to hot-water heating has been de-
scribed.

[0058] In the above-described configuration, the rota-
tion force of the motor 200 is transferred through the pow-
er transmission means, and thus the rotors 120 are ro-
tated. The rotating shaft 800b is rotated at a speed of
about 10,000 RPM based on the rotation ratio between
the first pulley 310a and the second pulley 310b.
[0059] Accordingly, the plurality of permanent magnets
130 provided in the rotors 120 generates lines of mag-
netic force, and heat is generated in the heat generation
part by the lines of magnetic force.

[0060] In this case, thermal efficiency is increased by
minimizing the gap between the heat generation part 500
and the rotors 120. Accordingly, according to the present
invention, the temperature of the inside rotors 120 is
55°C, and the temperature of the outside heat generation
part 500 is equal to or higher than 100°C.

[0061] In the present invention, heat is recovered
through heat exchange between the outside heat gener-
ation part 500 having a temperature equal to or higher
than 100°C and the water, and is then used for hot-water
heating.

[0062] FIG. 3 is a graph showing the comparison be-
tween the thermal efficiency of a heat generation appa-
ratus according to an embodiment of the present inven-
tion and the thermal efficiency of a typical electric heater.
[0063] AsshowninFIG. 3, water having a temperature
of 50.3°C was obtained by heating water 410 having a
temperature of 25°C by using a power consumption of
550 W (220 V x 2.5 A) for one hour, and thus a temper-
ature rise of 25.3°C was achieved.

[0064] Inthiscase, thermal efficiency was 1.012kcal/h,
and thus was 2.14 times that of the typical electric heater
in terms of coefficient of performance (COP), which was
an expression of thermal efficiency. From this, it can be
seen that efficiency that is twice or more that of the typical
electric heater was achieved.

[0065] According to the above-described present in-
vention, the principle of induction heating attributable to
the magnetic fields of the rotating permanent magnets is
applied and a metal having high current conductivity and
low electric resistance is heated and directly used as a
heatexchanger, and accordingly thermal efficiency is sig-
nificantly high and toxic gas is not discharged, thus being
environment-friendly.

[0066] While the technical spirit of the present inven-
tion has been described with reference to the accompa-
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nying drawings, this is intended merely to illustrate the
preferred embodiments of the present invention, but is
not intended to limit the present invention.

[0067] Furthermore, it will be apparent to those having
ordinary knowledge in the art to which the present inven-
tion pertains that various modifications and alterations
can be made without departing from the technical spirit
of the present invention.

Claims

1. A heat generation apparatus using permanent mag-
nets, the heat generation apparatus comprising:

a plurality of rotors fixedly mounted on a rotating
shaft, and configured such that they are rotata-
ble along with the rotating shaft with permanent
magnets disposed thereon at predetermined in-
tervals;

a heat generation part configured such that the
rotors are contained therein to thus form a pre-
determined gap between the heat generation
part and the rotors, and adapted to generate
heat while the permanent magnets are being ro-
tated;

a motor configured to serve as a source for ro-
tation of the rotating shaft; and

a power transmission means configured to
transfer rotation force of the motor to the rotating
shaft;

wherein insertion slits are formed in each of the
rotors by a plurality of partitions formed through
an outer circumferential surface of the rotor and
a plurality of permanent magnets is inserted in
a circumferential direction, the permanent mag-
nets are inserted into the insertion slits so that
N poles thereof are disposed in an identical di-
rection and S poles thereof are also disposed in
an identical direction, thereby generating repul-
sive force; and

wherein the rotors are 2 to 16 in number and are
mounted on the rotating shaft at predetermined
intervals, and walls made of a material that does
not pass a line of magnetic force therethrough
are each disposed between two adjacent ones
of the rotors so that the rotors are disposed in
an independent state.

2. The heat generation apparatus of claim 1, wherein
the heat generation part is disposed inside heat stor-
age and exchanges heat with a fluid contained in the
heat storage, and a plurality of protrusions is formed
on a surface of the heat generation part in order to
increase a heat exchange area.

3. The heat generation apparatus of claim 1, wherein
the heat generation part and the rotors are made of
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an aluminum material, and the gap between the ro-
tors and the heat generation part ranges from 0.1 to
0.5 mm.

The heat generation apparatus of claim 1, wherein
the permanent magnets are made of a neodymium
material, a length of the permanent magnets ranges
from 35to45 mm, a heightof the permanent magnets
ranges from 15 to 25 mm, and a width of the perma-
nent magnets ranges from 5 to 15 mm.

The heat generation apparatus of claim 1, wherein
the power transmission means comprises a first pul-
ley configured such that a shaft of the motor shaft is
axially and fixedly inserted thereinto, a second pulley
configured such that the rotating shaft is axially and
fixedly inserted thereinto, and a timing belt config-
ured to connect the first pulley and the second pulley
and transfer rotation force of the first pulley to the
second pulley.

The heat generation apparatus of claim 5, wherein
at least one bearing configured to support the rotat-
ing shaft so that the rotating shaft can be smoothly
rotated is disposed around a portion of the rotating
shaft between the second pulley and the rotors, a
rotation ratio between the first pulley and the second
pulley is 1:3, and a rotation speed of the rotating
shaft is set to a speed of 9,000 to 11,000 RPM by
taking into consideration heat generation of the heat
generation part and wear of the bearing.

Amended claims in accordance with Rule 137(2)
EPC.

A heat generation apparatus using permanent mag-
nets (130), the heat generation apparatus compris-

ing:

a plurality of rotors (120) fixedly mounted on a
rotating shaft (800b), and configured such that
they are rotatable along with the rotating shaft
(800b) with permanent magnets (130) disposed
thereon at predetermined intervals;

a heat generation part (500) configured such
thatthe rotors (120) are contained therein to thus
form a predetermined gap between the heat
generation part (500) and the rotors (120), and
adapted to generate heat while the permanent
magnets (130) are being rotated;

a motor (200) configured to serve as a source
for rotation of the rotating shaft (800b); and

a power transmission means (300) configured
to transfer rotation force of the motor (200) to
the rotating shaft (800b);

wherein insertion slits (124) are formed in each
ofthe rotors (120) by a plurality of partitions (123)
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formed through an outer circumferential surface
of the rotor (120) and a plurality of permanent
magnets (130) is inserted in a circumferential
direction,

characterzed in that the permanent magnets
(130) are inserted into the insertion slits (124)
so that N poles thereof are disposed in an iden-
tical direction and S poles thereof are also dis-
posed in an identical direction, thereby generat-
ing repulsive force; and

wherein the rotors (120) are 2 to 16 in number
and are mounted on the rotating shaft (800b) at
predetermined intervals, and walls made of
magnetically non-conductive material are each
disposed between two adjacent ones of the ro-
tors (120) so that the rotors (120) are disposed
in an independent state.

The heat generation apparatus of claim 1, wherein
the heat generation part (500) is disposed inside heat
storage (400) and exchanges heat with a fluid (410)
contained in the heat storage (400), and a plurality
of protrusions (510) is formed on a surface of the
heat generation part (500) in order to increase a heat
exchange area.

The heat generation apparatus of claim 1, wherein
the heat generation part (500) and the rotors (120)
are made of an aluminum material, and the gap be-
tween the rotors (120) and the heat generation part
(500) ranges from 0.1 to 0.5 mm.

The heat generation apparatus of claim 1, wherein
the permanent magnets (130) are made of a neo-
dymium material, a length of the permanent magnets
(130) ranges from 35 to 45 mm, a height of the per-
manent magnets (130) ranges from 15 to 25 mm,
and a width of the permanent magnets (130) ranges
from 5 to 15 mm.

The heat generation apparatus of claim 1, wherein
the power transmission means (300) comprises a
first pulley (310a) configured such that a shaft of the
motor (200) shaftis axially and fixedly inserted there-
into, a second pulley (310b) configured such that the
rotating shaft (800b) is axially and fixedly inserted
thereinto, and a timing belt (320) configured to con-
nect the first pulley (310a) and the second pulley
(310b) and transfer rotation force of the first pulley
(310a) to the second pulley (310b).

The heat generation apparatus of claim 5, wherein
at least one bearing (610) configured to support the
rotating shaft (800b) so that the rotating shaft (800b)
can be smoothly rotated is disposed around a portion
of the rotating shaft (800b) between the second pul-
ley (310b) and the rotors (120), a rotation ratio be-
tween the first pulley (310a) and the second pulley
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(310b) is 1:3, and a rotation speed of the rotating
shaft (800b) is setto a speed 0f 9,000 to 11,000 RPM
by taking into consideration heat generation of the
heat generation part (500) and wear of the bearing
(610).
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